and nail shedding (onychomadesis) were described in many countries worldwide.
Introduction enteroviral infections are commonly encountered infections, caused by group of RNA viruses, especially affect infants and children. enteroviruses cause more than half of all infectious diseases in children, are accompanied by fever [1] [2] . Clinical features of enterovirus infection are very variable; from mild benign fever to life-threatening encephalitis, myocarditis, or sepsis [1] .
The enteroviral group includes coxsackievirus, echovirus, and poliovirus. enteroviral infections may be caused by 23 coxsackievirus A, 6 coxsackievirus B, 28 echovirus, and 5 unclassified enteroviruses.
Hand-foot-mouth disease (HFMD) is one of the forms of enteroviral infections. HFMD is characterized by sores in mouth (vesicular, erosive stomatitis) or on mouth and on hands, feet and sometimes buttocks and legs (maculopapular, vesicular lesions). The most common cause of HFMD is Coxsackievirus A6, A10, A16 and enterovirus 71 [2, 3] . First cases of nail changes after HFMD were reported in 2000 in 5 children in Chicago, USA [4] . In Europe first four cases of nail changes following HFMD were described in 2001 [5] .
Nail changes of enteroviral infection are described as nail matrix arrest, including transverse ridging (Beau's lines) and nail shedding (onychomadesis) [4, 6] . Short-term slowing down of nail formation leads to Beau's lines, while long-term stop of nail growth causes onychomadesis [7] .
The aim of the research was to investigate the clinical features of the infection that was associated with nail changes during an outbreak in summer-autumn 2016 in Ternopil region, Ukraine.
Material and Methods
We present a case report of 34 children with nail changes that were observed in October 2016 in Ternopil region, Ukraine. All patients were from one kindergarten.
Nail trauma, periungual dermatitis, significant medication intake history, systemic diseases were excluded.
The study of cases was performed. It included a questionnaire containing the following parameters: age, gender, personal and family history of the children. A questionnaire was completed by parents.
The patients were clinically examined, and their paediatric and dermatological records were studied to confirm precedent enteroviral infection. Direct microscopic examination and cultures for fungi were performed in the first 3 cases.
Faecal samples were obtained from 16 children with onychomadesis for enterovirus testing.
Parents of all patients provided written informed consent before any study-related procedure. The study conformed to the principles outlined in the declaration of Helsinki.
The results have been analysed using standard procedures with Statistica StatSoft 6.0 software package. values are expressed as mean ± standard deviation (SD) for continuous variables and n (percentages) for categorical variables.
Results
The median age of the exemined children was 3.97±0.78 years (range, 2-5 years). 19 (55.9%) were male.
All patients were presented with nail changes.
Due to the history of present illnesses it was revealed that interval between onsets of enteroviral infection to nail changes varied from 4 to 12 weeks. Clinical features of enteroviral infection were very variable (Table 1) . The average duration of fever was 1.87±0.92 days. Maximum temperature varied from 37.6 to 40.0 °C. Gastrointestinal symptoms were presented by nausea, vomiting, diarrhea without blood and mucus. In 7 (20.6%) cases maculopapular, vesicular rash was on hands, feet and around mouth. Skin rash was followed by skin desquamation in 3 (8.8%) patients in 2-6 weeks. In other cases skin desquamation occurred in children without history of skin rash. Skin desquamation was both on the palms and soles in 6 (17.6%) cases, only on palms in 3 (8.8%) and only on soles of feet in 5 (14.7%) cases.
The first manifestation of the disease occurred in the middle of summer (July -8/23.5% cases), in August (10/29.4% cases) and in autumn (September -13/38.2% cases). In 3 cases parents did not indicate previous problems or any symptoms of enterovirus infection, so we can suggest asymptomatic duration of the infection.
Faecal samples from onychomadesis patients were positive for enterovirus in one case. Nail changes were presented by Beau's lines and onychomadesis (nail shedding) (Figure 1-4) .
The number of the affected nails varied from 1 to 16. The mean number of the affected nails was 4.88±4.09. Fingernails were involved more often than toenails (3.79±2.61, range 1 to 10; 3.31±2.20, range 1 to 9, respectively). In two children we observed changes of toenails colour ( Figure 5 ).
Discussion
Since 2000 a lot of enteroviral infection outbreaks associated with nail matrix arrest have been reported throughout the world [8] [9] [10] [11] [12] . Hand-foot-mouth disease was mostly followed by nail changes. However, in Ukraine such cases have been not yet described.
Formerly nail changes were associated with nail trauma, periungual dermatitis, significant medication intake history, autoimmune disorders, etc. Now onychomadesis are described as late complication of enteroviral infection [6, 8] .
Onychomadesis are caused by a temporary arrest in nail plate formation [2, 8] , but the enteroviruses influence on this process remains unclear today.
Frequently onychomadesis was associated with coxsackievirus (C) A6 serotype of enterovirus [10, 11] . However identification of other enteroviral strains (CA10, CA16 and ente rovirus 71) was reported too [9, 10, 12] . ente rovirus serotypes CA10 and coxsackievirus B1 were mainly detected as a monoinfection or coinfection in valencia, Spain, where an onychomadesis outbreak occurred [12] .
Osterback R. et al. from Finland [9] detected CvA6 also in a fragment of shed nail. They suggest that virus replication damages nail matrix and results in temporary nail dystrophy. 
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The study from Taiwan proves that in 51% CA6 patients desquamation of palms and soles occurred after the infection episode and in 37% CA6 patients onychomadesis developed, which only occurred in 7 (5%) of 145 cases with non-CA6 enterovirus infection [11] . The authors con firmed association of CA6 infection with deve loping nail abnormalities (p<0.001).
Unfortunately, we were unable to determine the serotype of the virus in our cases. enterivirus was identified only in one case (6.3%), probably because of a long period from the first symp toms of the disease. Study in Spain [12] reported about 59% positive samples collected from 29 onychomadesis case-patients (23 with HFMD) and 9 exposed persons (1 with HFMD).
In our study typical preceding clinical signs indicated enteroviral infection. In the most cases (21/61.8%) cutaneous lesions (maculopapular, vesicular rash and skin desquamation) were located on hands, feet and around the mouth, which indicated HFMD. enteroviral diseases in countries with temperate climate are characterized by summerautumn seasonality. Unlike, in tropical countries, where the virus is circulating throughout the year seasonal outbreaks are not typical. The first manifestation of the disease in our cases began in the middle of summer (July) and lasted till autumn (September). An outbreak of HFMD with onychomadesis was reported in Finland in 2008 starting in August and continuing at least until the end of the year [10] . In valencia, Spain HFMD, followed by onychomadesis occurred during summer and autumn 2008 [12] . But in northern Greece, in the region of Thessaloniki an onychomadesis outbreak related to the outbreak of HFMD occurred during autumnwinter 2012-2013 [6] .
Conclusions
Our study proved association between onychomadesis (nail shedding) outbreak and outbreak of enteroviral infection, mainly handfoot-mouth disease, during summer-autumn 2016 in Western Ukraine (Ternopil region). enteroviral infection was followed by onychomadesis in 4-12 weeks. Clinical features of enteroviral infection were very variable, with prevalence of cutaneous lesions.
More studies are necessary to determine the serotype of the virus causing onychomadesis.
